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10. Spacecraft Charging Anomalies on the
DSCSIl, Launch 2 Satellites

George T. Inouye
TRW Defens and Space Systems Group
Redondo deach, Calif.

Abstract

Six differént types of anomalous events have occurred on two DSCS II satellites,
The total number of events, over 100, and the long operational period, nearly 3
yedrs, pérmits somé statistical analyses to be performed. Correlation of occur-
rences of particular types of atiomalies with equinoxes and seasons of the year are
consistént with a spacécraft charging model. On the other hand, an interesting
correlatiofi of occurrenceés with days of the week has been found. Finally, a long
term diminution in the frequency of occurrence of events has been observed, and
is discussed in terms of environmental activity, material degradaticns and the need
for more data.

1. INTRODUCTION

The DSCS II Launch 2 satéllites, 9433 aad 9434, were launched on 13 Deceniber
1973 afid héarly 3 years of operational data are now available for these two geo-
syrichronous orbit spacecraft., Figure 1 shows the longitudes of the two satellites
from initial orbit {hsertion to final operating positions, one over the Atlantic and
the other over the Pacific Ocean. Also shown are the occurrences of the anomalous
events during the first few months, Over the 33 month period sincc launch, over

829

e




)
!
!
i
” ' 1 1
|
Makis |- !
— | b= j
Bt |
|
|} ‘
1
B el
e
— o ANOMALIES
ot .. | K » FLIGHY 2
73 U 21 DEC 7/
sk 18 DEC SEPARATION
14 DECEMBER
1 l | L } i 1 | 1 1 1 i
175 165 ™ 125 15 105 95 7% 55 3 BT
EAST | —= wiST “DEGREES" WEST =—
LONGITUDE | LONGITUDE LONGITUDE

Figure 1, 9433/9434 Orbital Position

100 anomalous eveénts have béen.observed. Thesé events, rather than being of a
singlé type, havé béen manifésted in six different types of Ahomaliés oteurri. g in
differént locations on the spacecraft as well as in affe~ting differént operating
circuits at théseé locations.

The conclusions to e drawn from the résults to bé présented in this paper are
that much further work, both in thé Laboratory and in orbit, needs to be performed
in the areas of spacecraft design and immunity verification testing. Studies that
should be implemented run the gamut of materials' characterizations to analysis
and test of specific spacecraft configurations, Finally, simplified in-flight moni-
toring of charging/discharging in the housekeeping telemeétry of all. geosynchronous
satellites would serve as an invaluable diagnostic in the eveéntuality that anomalous
events do oteur. Our éxpérience on the ISCS satellites has béen that a great deal
of effort was required to identify the sources, of anomalous béhiavior, whetkier
internal or due to the ambiént environment. 1-1 In the final analysis, in epite of
concerntrated "detective work, " some of.thée conclusions that the environment was
the most likely causativé source wére arrived at by an elimination protess rather
than by a more direct approach because of the lack of diagnostic data,
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2. DESCRIPTION OF THE VARIOLS TYPES OF ANOVALIES

The first type of anbmalous behuvior, the anomalous firing of the reset geén-
erator assembly (RGA upséts), was evidenced on the Launth 1 paif of satellites,
Analysis of these events by Fredricks and Scarf® led to the first realization that
theése evernts were related to the hot plasma environment of the geosynchronous
orbit ruther than to any internal mallunction within the spaéecraft itself, Once
identified, these anomalies were éliminated or the Launch 2 payloads by appropri-
ate redesign except for a sirgle réocturrence which can be accounted for by the
galactic cosmic ray environment, Figure 2 is an eéxploded cut-away viéw of the
spacecraft, On top ic the despun section containing the communications antenna
array and most of the associated electrical hardware. ''Déspinning" permits the
antennas to be continuously pointed towards the earth while the main spinning
portion provides attitude stability. The spin axis is oriented to be parallél to the
earth's polar rotational axis. The eylindrical outer shell of the spinning section is
covered in with solar cells in e¢ight sections or panels. On the spinning platform
are locaced the supportive electrical hardware such as the power conditioning,
housekeeping telemetry, and attitude control subsystems. The RGA associated
ciretiitry is also located on thé spinning platform.

Figuré 2, DSCS II Cuitfiguration
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With the deéspun platform {n place, the only actess paths for ambient plasma
and sunlight into the spinning platform cavity aré the annutar opening on top be-
tweeén the spinnliig and despun sections, eight slits between solar array panels,
and portholes used for sehsors and for attitude contrel thrustors in four of the
solar array panels, The pressure transducer which failed during the first eguinox
season on Flight 4 (9434) is also located on the spinning platform as is the hard-
ware associated with the spin type anomalies ('S"). The "'S" eveiits are also
equinox related. All of the reraining typcs of anomaliés, the anomalous activation
of the Twael Diode A.uplificr Logic, powér converter switching and gimbal reset
(the "T," "C" and Gimbal anomali¢s) are asdociated with circuits contained in an
electronic unit located on the uppér déspun platformni.

All of the ariomalous béhavior observed, aside from that of the pressure trans.-
ducer, were the result of the upsetting of the state of bigtable logic circuits, flip-
flops, which could be caudeéd by arc discharges in the nedr vicinity of the relevant
electrical hardware, The ability of simulated arc discharges to cause all of the
observed varieties of logit upsets has been démonstrated on a prototype (qualifica-
tion model) spaceeraft. It has been demonstrated that it is the coupling of arc
dischargés to the lines éntering the various électronic boxés via the connector
which causes the logie circuit upsets rather than any electromagnetic signals
entering through the walls of the boxes, In the case of the pressure transducer,
it was determined that nearby arc discharges could ¢ause its failure in thé manner
observed in orbit, The failure mode is oneé in which the sénsor does not récover,
and thereéfore occurs only as a one-tifrie everit.

Of all of the various types of anomalies, the '"S" wére the potentially most
serious, having to do with the spacécraft spin or despin rate control. After the
fourth S-event, falsé command countermeasurés weré institutéd. Thus, the prob-
lém was solved operatitnally, but at the same time the solution eliminated the
possibility of obtaining additional data of the type discussed here,

3.. CORRELATION SITH.GROUND BASED GEOMAGNETIC ACTIVITY INDICES

The geomagnetic activity indices, the daily A-Index from Anchorage, Alaska
and Fredeéricksburg, Virginia are the n.ost easily aceessible measure of disturb-
ances in the geomagneétic fiéld, The relationship betwéen geomagnetic substorms,
thke resulting hot plasma environment at synchronous orbit altitudes, and ground-
baséd measuréments is d subject of currernt research, Figures 3-5 are plots of
thése A-Indices over the 33 month pérfod from latitich to theé present. The occur-
rencé of anoinalous events are shown at the top of thesé figures with a 24 hr verti-
cal scale of local time, The type of anomaly and spucecraft, 9433 or 9434, are
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identified. All of the events are listed with gréater detail in tabular form in
Appendix A. The following fedtures are most prominent in Figures 3-5:

(1) Theré is no obvious correlatich ofévent occurrénces with the A-Indices.

(2) The raté at which anotnalies oceur decréases with time,

(3) There aré no obvious preferred local tithes of bccurreénce,

The first feature, which is the subject of this section, will be discussed riow and
the other polrits will be discussed in following secticns.

The Fredericksburg A -Index geneérally shows a lésser variability as well as
smaller magnitudes 4s compared to the Anchorage indéx. We may surmize that
if the latter station, which is more closely related to the geosynchronous orbit,
had been located exactly at the " footprint" of the geomagnetic field line pagsing
through oné of the satellite positions, a miuch better correlation with thé oceurrence
of anomasles would hav: been obtained. It should be riotéd, however, that the
ground position of the footprint associated with a pérticular geosynchronous longi-
tude is subject to large seasonal and geomagnetic storm induced varistions because
the geosynchronous altitude is ¢lose to the maghetosphéric bouridary. Geothagnetic
substormis, with which the presence of hot plasma and the dearth of cold plasis
is assoclated, are genérally short-lived (approxifately 0.1-1, 0 h¢), and are
localized ih longitude as well as in latitude of altitude. Being located at a iower
latitude, theé Frédericksburg station's A-Iidex should be expécted to give a better
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indication of geomagnetic activity over all longitudes. 1:is for this reason that
this index is used In the following statistical andlyses,

Figure 6(a) shows the number of times that eacH vaiue of A-Index at
Fredéricksburg océurred during the 33 month period. Each tonsecutive 7 day
period was averaged to give a single data point, and the A-Index resolutioi was
limited.to multiples of four. Figure 8(b) shows the number of anomalies, which
occurred in each A-Indéx group. Figure 6(c) is a histogram of Figure 6(b) divided
by Figure 6{a) for esch A-group, giving a corrested anomaly distribution which -y
would be obtained if the A-Indices had been equally probable rathér than as in
Figure 6(2). Figure 6(c) shows a generally increasing trend in which the number
of anomalies increased with the A-Index. The bars in Figure 6(c) have been broken
Jdown te show the individual contributions of the "T," "C" and "S" type anomalies.
The figure does not show any dramatic threshold effect except for the!''S"” anomalic._.
The fact that a significant number of events occurred at low A-Index values (4 to 8) 1
is a conviticing argumernt for not pursuing the correlation further in such a crude {

i

manner,
Inspection.of Figure 3 for the "S" anomalies which veeurred in 1974 show that |
all four of these events did occur on A-Index peaks. Why they occurred on only '
one spacecraft and only in the fall equinox is not cléar, This quéstion of why
évents occurring on oné spacecraft are not correlated With those ofi the other is !
. unanswered. One possibility {s the existence of configurational differences in the
senseé of spacecraft charging, (grounding of thermal blankets, thicknéss of vacuum I
dersited aluminum) of two spacecraft which are ostensibly identical. The other
possibility is that there is a statistical variation in geosynthronous orbit environ- |
mernts. Figure 7 shows the géomagnetic latitude variation with geographic lorgi- !
tude. Spacecraft 9434 is.at -5° South and 9433 is at +6, 5° North, The two space-
craft are located at slightly different ;., B poinits. Lyons &t al,9 for example,
show that energétic particle populations and their pitch afigle distributions are
_expeécted to vary greatly with magnetic L., B values,
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1. SEASONAL AND LOCAL TIME CORRELATIONS

As mentioned préviously, "S" anomalies have been internally ¢nuntermanded
so that they cannot occur since the fall of 1974. Both theé ''S" anomalies during the
fall equinox and the pressure transducer fallure on spaceécraft 9434 during the
spring equinox of 1974 are consistent. with the author'sm charging model predic-
tion of a large negative spaceeraft ground potential during the equinox when the
metallic surface aréa of the spacecraft exposed to suhlight is at a minimum as
shown in Figure 8(a). From Figure 3 for 1974 {t may be seen that a 49 day period
from February 17 to April.7 Had no "T" ahomalies. During the 1974 fall equinox
season a similar period of 39 days lasted from August 34 to Octobér 2 except for a
single event on September 23. "C" type anomalies did not begin until July 20 and
stopped occurring on December 15, 1974. This type of anomaly has been shown
to be more nearly attributable to intérnal causes than any of the othérs. 5 Here

, also, however, a 41 day period from September 3 to October 14 is void of these
ariomaliés. Of the total of niné ahomalies occurring during 1975, the two" Gimbal"
ahomalies occurred ofi March 12 afid 14, and a "T" ariomaly on March 31, These
three events would tend to frivalidaté the equinox argumiefits from the charging
model dnalysis, although the total number of everts iz much smalier than for the
first year. During 1976 not a sirigle anomaly has been observed so faf.
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Figure 8. Seasonal and Diurnal Variation of Metallic Sur-
fate Areas Exposed to Sunlight

The coriparison of the timing of anomalous evernts with local time may be
examined in Figure 9. The results published.by Fredricks and Scarf® on the
analysis of anomalous éveénts on the Launch 1 DSCS satellites showed an excellent
correlation (19 out of 23 events) with géomagnetic substorms. In particular the
occurrence of anomalies during the midnight/dawn seetor of local time was very
convincing evidence of an environmental origin, "C' anomalles occurring within
an lour of any {nitial evént have been eliminated in the statistics. This accounts
for the fewef number of eveénts plottéd in Figure 10 than are listed in the Appendix.
The four "S" anomalies, as in their A-Index corrélation with expected behavior,
seerh to meet the test of occurring durihg the midnight /dawn local time sector.
The "1 and "C" anomadly distributiofis do not meet this test although the midnight/
dawri sector séems to be somewhat more favoréd, particularly with the "C"
anomaliés, The most prominent features of the """ anomaly distribution are a
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fairly deep minimum near local.noon ard slightly enhanced peaks or "wings" a few
houts before and after the dip. Figure 6(b) which shows the diurnal variation of

thé spacecraflt meétallic surface aréa éxposed to sunlight also has these features,
The minimum around local noon occurs when the déspun antenna array is pointed
away from the sun, and thé dawn and dusk maxima occur when the sunlight impinges
broadside on the six waveguide struts in front of the two large dish anténnas., At
local imidnight thé sunlight hits the waveguides directly on the narrower of its two-
cross-sectional dimensions, Thé maximum/minimiem lines on Figure 8(a) for the
seasonal variation represent the éxcursions dué to the diurnal variation. The latter
is a significant fraction of the former, espécially during the equinoxes,
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Figure 10, Hypothetical Mechanism for Genera-ion of Aftéernoor/
Evenifig Time Sector Arc Discharges

The "T" and "C'" anomaly distributions suggest that a combination of environ-
mental and spacécraft configuration/ orientational factors aré at work., The occur-
renice of aftérnoon to evening even:s requires further discussion since thé environ-
ment in these sectors is not condusive to spacécraft charging. In the paper cn
spacecraft charging models, it was pointed out that much of the outer dielectric
surface matérials were very good insulators and that leakage time constants could
bé in the order of sevéral days. With this charge storage methanism, it is possi-
ble to conceive of configurations in which sunlight applied to a dielectric sur’ace
in the late afternoon could causé an increéased stress and reésulting arc discharge
at that time.. It is also possible for an erihanted cold plasma eénvironmerit such as
the afternoon/evening detached plasma sector and plasmapausé bulge déscritéd by
Chappell ét al“ to selectively reduce the potential of a surface dnd to thérefore
cause it to arc, Figure 10 shows diagramatically how the delayed arc discharges

could oceur,
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5 CORRELATION RITH THE BAY OF THE SEEM

Flgure 11 sHows the distribition of the days of occurrence of anomalous events
according to the day of the week, Separate distributions for the individual types
as well as for all of them together are shown. The latter shows a peak on Saturday
and Sunday which is about three times the midnight minimum, Individually, the
"T" afd "C" anomaliés also show a weekénd peak, but the midweek dips arc
moré nearly a half of the weekénd peak, and the transitions from day-to-day are
not as smooth as for the com' usite graph., The "S" anomalies of which there were
only four, are about as everly distributed as theéy could be, On obtaining this sur-
prising result, the distribution of I'rédericksburg and Anchorage A-Indices over
the entire period was computed. Theé r_sults shown in Figure 12 have a maximum
variability of 7 percent about the mean. A Friday or Saturday peak in activity is
évident but the ratio of maximum to mittimum is far less than for thé anomalies.

Discussions with F, L. Scarf resulted in one possible explanation. . He sug-
gésted that a reduced loading of thé Canadian power system on wéeekends might be
contributing to the selective depletion of the energetic particle population at geo-
syhchrorious altitides, Helliwell et 3112 havé described magretospheric FLIS
waveés which are induced by the Canadian power sy: tem, They point out that Vi.I°
radiateéd powers of less than 10 W could cause notic eable magnétospheric signals
and that harmonies of the 1000 MW load of the Alcan dluminum réfinéries should
radiate considerably moré power. I~‘ra.ser-Smith13 has analyzed many vears of
geomagnetic data and has concluded that an approximately 7 percent enhancement
exists in the A_ index on weekends, "which may reasonably be associated with the

fact that power consumption is lower (by 30 percent) on weekends."” An alternative
possibility that has béen discussed with the spacec¢raft operational engineer is the
possibility of increased (or decreased) payload usage on weekends resulting in
thermal power dissipation effects. The differential usage as well as thermal
effects are stated to not having been noticeably dependent on the day of the week,

although they have not been looked at in detail with the weekend effect in mind.
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6. LONG TERM AND PROGRESSIVE EFFECTS

The most prominént féature of Figures 3<5 is that the frequency of occurrence
of anomaliés has beéer decreasing drastically with time. Figure 13 shows the
Fredericksburg A-Index smoothed and on 4 more compressed time scale covering
the eritite 33 month périod since launch. The trend seems to be consistent with
the sunspot cycle in that 1974 was in a decreasing phase, and 1976 is near the
sunspot minimum, In this sense, the decrease in the number of anomalies might
be corrélatéd to the decrease in geomagnetic activity., Reference to Figure 6(c),
howevér, shows that the amount of décrease in average A-Index, coupled with the
fact that actual day-to-day variability is much greater than any longer term aver-
age, does not accotnt for the decrease in the number of anomalies.

Results of laboratory expetrimerts, of which Figure 14 from Hoffmaster,
Iilouye and Sellén14 is an éxample, show that there are many long term and pro-
gressive effécts which could account for décreasing rate of anomaly occurrences,
Figure 14 shows the hysteretic effect of high energy particle tombardment in
réducing bulk conductivity. Anothef feature observeéd in labroatory tests is the
burnoff of thin filns of vacuum deposited aluminum on thermal blankets and second
surface mirrors with each arc discharge. It is possible for the increased spark
gap length to giadually inctease the arc bireakdown threshold or for the carbonized
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material to decrease the threshold for succeeding discharges. From the view-
point of an electrical circuit designer, thin film conductors are extrémely poor
devices because they are difficult to connect to and are electrically unstableé in
terms of point-to-point rcsistance from handling and crinkling. Thermal and
ultraviolet irradiation degradation effects ofi breakdown threshold have not béen
investigated. Many other long term effects on material ard surfacé characteris-
tics such as photoemission and sécondary emission ated to be studied, Our view
is that these long térm and progressive degradation effects are the cause of the ‘
long term décrédse in the occurrénce of ahomalous events. 1
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TSUMMARY AND CONCLESIONS

The anomnlous events decurring on the DSCs 11 Launchi 2 satelliteés have been
studled with o view towards undérstanding their causes and initiating countermeasi-
ures to eliminate them on futiire spacecralt, The work présentid here underscores
thé studies of many arcéas which must be implemerited towards achievement of
enough infornation to be able tu design spiacevraft which are able to withstand the
geosynchronous orbit environnient.

A basic problem dddressed here is wheiher and how thesé anomalies are
relatéd to the environment, The correlation of the "s" type anomaliés with the
environment seems quite clear ‘rom the A-Index, the local time of occurrence
and the equinox season of occurrence. The A-Index correlatic-a of thé other types
of anomali¢s was shown to be dubious, Consistency was shown for the other types
of ancmalies with analytical modél predictions of seasonal dependerice and location
on the spacecraft. The local time distribution of "T" and 'C" type anvmalies
while not méeting the midnight /dawn criterion ave, statistically speaking, not
inconsistent with an environmental forcing functi. 1. The question of why events
do not occur in afiy correlated fashion on two ostensibly identical satellifés as
close as 10° or as far apart as 180° in longitude has beett discussed. Both environ-
mental and/or uncentrolled spacecraft differences are possible sources of the
observations. Capdcitive enérgy storage iv the outer dielectric surfacés makes it
possible to postulateé means whereby are discharges could occur outsideé. the mid-
night 'dawn local time sector, The peak on weekéends of the distribution of events
on d day-of-the-week basis is a strprising result which inay or may not re related
to the environment. Finally, the long term decrease in the frequency of vccurrence
of anomalous events aoes not seem to be directly related to the environment but
rather to on-board progressive and long term degradation effects. In addition to
the need for »uch further work, the conclusion is inescapable that in-flight space-
cralt charging ‘discharging moniters would be an invaluable adjunct to the house
keeping telemertry systém of every géosynchroncus satellite,
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Appendix A..

DSCS- 11 $°C 9433 and 9434 Anomolous Events

Event S/C Type Day Local
No. Event No. No. Date No. Day GMT . Time _ Commehts
Launch  e=ee-e eee 12-13-73 b THY eeee aeaes Launch

 JE—T 7% 78 | T-1 12-22-73 10 SAT 1653 09.21 Both S/C at initial.
positions 12-21-73

2 9433-1 T-2 12-2h-73 12 mMON o348 20.80 -
3 943b-2  T-3 12-25-73 13 TUE o121 17.68 -
9433-2 T-4 12-25-73 13 TUE  ----  03.42.. 0900-1150 GMT
: 5 9433-3  RGA  12-29-73 17 sAT 0108 18.13 Only RGA event
f 6 9434-3  T1-5 12-29-73 17 SUN 2224  15.08 -
7 9h33-4 16 1-2-74 21 WED 114 o423 -
8 9h3u-4  1-7 1-3-74 22 THU 0731 23.85 -
9 943u-5  T-8  1-11-74 30 FRE 1621 08.68 - {
10 9433-5  T-9  1-12-7h 31 st 0008 17.19 - ’
] 9433-6 110  1-19-74 38 SAT 1726 10 43 S/C 9433 starts Y
moviag 1-23-74 1
12 9h3h-6  T-11  y-26-74 b5 sat 1023 o02.m - :
13 9433-7  T-12 1-27-74 ke sun 0705 o141 -
14 9434-7  T-13  1-30-74 b9 WED 0745  00.08  S/C 9u34 starts
mov.ing 1-30-74
] 15 9433-8  T-14  2-1-74 51 FRI 0757 o03.10 -
16 9433-9  T-15  2-12-74 62 TUE 0958 06.95 -
i 17 9433-10 T-16  2-17-74 67 SUN 0936 07.41 Both S/C at fina)
positions 3-1-74
’ 8 9433-11  T-17  4-7-74 116 SUN  --  08.97 0710-1230 GMT
[ 19 9431-12  1-18  4-9.74 18 TuE - 08.75 0700-1215 GM1
r 20 9433-13  T-19  4-10-7% LI WED -~ 0B.S8  OLuh-1210 GMT
, 21 9434-8 T-20  4-25-74 136 THU -- 19.19  1716-2251 gNTY
} 22 9434-9 T-2F  6-27-74 197  Thy -- 05.38  1420-2105 GMT
]
|
| 845
}
'




Event

No.
-—

23
34
35
26
27
28
29
30
3l
32 -
33
34
35
3
37
38
3
40
4
42
43
[T
4
46
47
48
49

s/¢C
Event No.

9434-10
9434~ 1
9434-12
9434-13
9434<14
9434-15
9434-186
9434-17
9434-18
9434-19
9434-20
9434-21
9434-22
9434-23
9434-24
9434-25
9434-26
9434-27
9434-28
94634-29
9434-30
9434-31
9h3h-32
9434-33
9434~ 3k
9U34-35
9h34-36

Type

c-5

T-2§
T-26
T-27
T-28
T-29

T-30
T-31
c-10
-1
¢-12
$-1

T-32
s-2

$-3

733

Date

7-18-74
7-20-74
7-20+74
7-27-74
8-17-74
8-17-74
8-17-74

8-17-74 .

8-17-74

.8-18-74

8-18-74
8-18-74
8-18-74
8-18-74
8-18-74
8-18-14
8-18-74
8-24-74
8-24-74
8-24-24
9=3-74

9-3-74

9-20-74
9-23-74
9-26-74
10-1-74
10-2-74

bay
Mo

218

220
220
2
248

THY

SAT
SAT
SAT
SAT
SAT
SAT
SAT
SAT
SUN
SUN
SUN

SUN......

SUN
SUN
SUN
SUN
SAT
SAT
SAT
TUE
TUE
FRI
MON
THY
TUE
WED

850

— - —
——

ORIGINAL; p
9 PogR ou?n?r?

Local
Time

16.7%

05.67
09.17
15.75
01.97
05.98
05.98
06.20
06.65
22.33
23.32
23.32
01.08
02.92
03.67
04. 33
04. 4o
17.03
22.62
06.17
08.77
10.60
07
16.35
02.87
05.02
ol.77

Cominént g

First Converter
Anoma ly

1819.3 GHT

1139.4 oMY

0225-0840 GMT
0820-, 344 Gur

First Spinup Anomaly

anhin

o Wiz it




o e ———,
- - — — T ————
- —— ) __ant

T -~ —

- -

Mo e, W e
50 9436-37  Y-3h  10-7-74
51 9434=38  T-35 10-11-74
52 9434-39  T-36  10-12-74
53 943440 T-37  10-14-74
54 9U3U-41  c-13  10-14-74
55 943k-42  C-1h 10-14-74
56 gu34-43  T-38  10-14-74
57 h3u-4b sk 19-14-74
58 9u3bk-45  Cc-15  10-18-74
53 9U34-46  c-16  10-19-74
60 9u3u-47. c-17  10-22-74
61 9h3h-48  c-18 10-22-74
62 343b-49  T-39  10-23-74
63 9434-50  T-40  10-24-74
64 9434-51  ¢-19  11-3-7i
65 9k34-52  c-26  11-k-74
66 9h34-53  C-21  fi-4-74
67 9h3k-s4  ¢-22  11-8-74
é8 9u34-55 ¢-23  11-8-74
69 9i34-56  c-24  11-9-74
70 9434-57  c-25 11-5-7%
7n 9u3h-s8 ¢-26  11-10-74
72 9434-59  €-27  11-10-7h
73 943b-60 T-41  11-16-74
74 9L34-61 c-28 11-17-74
75 9b3b-62  €-29 11-17-74
76 9u34-63  F-42  11-18-74

Day

299
303
304
306
306
306
306
306
310
3N
34
3th
315
316
326
327
327
331
i3
332
332
333
333
339
360
340
1]

5

Day _

MON
FRI
Sat
MON
MON
MON
MON
MON
FRI
SAT
TUE
Tut
WED
THU
SUN
MON
MON
FRI
FRY
s4°
SAT
SUN
SUN
SAT
SUN
SUN

MPW

; l

GHT #?;:' Comments

223 1017 -

2226  {0.08 -

1420 02.00 -

0539 17.32 -

1550 03.49 -

1557 03.62 -

1741 05.35 -

2013 07.88  tast Spinup Anomaly
2359 11.36 -

0008 11.80 -

2310 10.83 -

2330 n.azr -

0543 16.72 -

okis  15.92

2114 08.90 -

e 23,33 -

1508 02.08 S$witched =~ 57 times
0810 19.83 -

1015 22.17 -

0510 16.83 -

0655 18.58 -

1756  05.60 -

2005 07.76 -

1219 23.96 -

1648 ob.b2 -

1927 o07.12 -

0025 12.08 -




Event s/¢C Type Day Local
No.  Event No. No. fate No, Day GMT_ Time  Comments

77 gu3k-6k  T-43  11-20-74 343  WE0 1030 22.19 -
x 78 9u3h-65 C€-30 11-22-74 345 FRi 1003 n.72 -
B 79 g434-66 C-31 11-22-7k . 3§ FRI 1240 00.33 -
E, 8o gh3b-67  T-b4  11-24-74. 3k SsuN 1935 07.25 -

81 gk3u-68 T-4s  11-25-74 348 MON 2201 09.68 - -
82 943n-69 C-32 11-27-74 350 WED 1701 oL.68 -
83 gh3h-70 €-33 11-27-74 350  WED 1943 07.38 -
84 gu3u-71  C-36  12-1-76 354 SN obsz 12.67 -
85 gh3h-72  c-35 12-1-7h 354 SUN 0512 16.87 -
86 gu3u-73 C-36 12-10-7h 363 TUE 0008 11.80 -

87 gu3h-74 ¢-37 12-10-74 363  TUE o125 '3.08 -
88 gl3h-75 c-38 12-10-7h 363 TUE 0305 14.75 -
89 gu3h-76  T-46  12-14-Th 367  SAT 0652 18.63 -
90 gu3k-77 €39 12-15-76 368 SuN 1909 06.82 -

91 9k3u-78  C-b0  12-15-7h 366 SuN  NA NA Switched 6 times.
Last converter
anomaly.

92 gh3u-79 T-47  1-6-75 390 MON 0355 15.58 -

i# 93 gu34-80 Gimbal- 3-12-75 465 WED NA NA GiMibal anomaly only
;. 1
94 9434-81 Gimbal-2. 3-14-75 467 FRI 1489 02.65 Gimbal afiomaly only
95 9433-14  T-48  3-31-75 474 MON 1021 22.02  S/C 9433 anomaly

. 9% gL3u-82 T-bg 10-5-75 662  SUN 0oss 12.58 -
| 97 gu34-83 1-50 10-10-75 667  FRI 0035 12.25 -
98 gh3u-84 T-51  10-12-75 669  SUN goid 11.88 -
99 gk3u-85 T-52 11-6-y5 63 THU 1527 03.12 -

100 ol34-86 T-53 11-3-75 697  SWN 0357 15.62 ga;; ;gomaiy as of
i
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